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PENETRATION OF RADIOACTIVE STEARIC ACID INTO THE SKIN
OF THE RAT*
EARL 0. BUTCHER, PH.D.'
Radioactive materials have become available in recent years and several
interesting and more dependable experiments have been made on the penetration
of substances through the skin. Radioactive sodium was found in the urine (1)
after it was applied in a fatty base to unbroken human skin. Radioiodine, as an
aqueous solution or in a water miscible ointment, has also passed through the
skin (2) and concentrated in the thyroid gland. More recently evidence has been
presented that radioiodine penetrates the teeth and localizes in the thyroid (3).
Unsaturated fatty acids have been observed by fluorescence microscopy to
penetrate the skin and enter blood vessels in the rat (4). As confirmatory evidence
of this observation, radioactive linoleic acid was sought with the intention of
applying it and following its destination. However, such acid could not be
obtained and linoleic acid was iodinated, converting it into mono-iodo-stearic
acid2 having a half life of S days. The fate of this iodinated material when applied
to the skin of the rat is of such interest and importance that it seems worth
reporting.
PROCEDURE
The hair was removed from the backs of rats, 23—25 days old, either by clipping or apply-
ing sodium sulfide. A day or two later radioactive material in warmed linoleic acid was
applied to the skin by a cotton applicator. The concentration consisted of either 600 mg.,
containing 0.3 millicnries, in 3 cc. hinoleic acid or 600 mg. in 0.3 cc. of the acid. At intervals
after the application, biopsies were taken, and fixed in 10% formalin for 16 hours. The skin
was washed after fixation, frozen, and sectioned at 15 microns. Sections were stained in
aqueous eosin, floated onto paper strips and transported via the paper to the dark room.
The sections were transferred to N.B.T. plates (emulsion 15 microns T coat) by pressing the
sections on the paper strips against the emulsion. Exposure for 18 hours in the refrigerator
gave good results. The N.B.T. plates were developed, fixed, washed and dried. The sections
were then covered with dante and cover glasses.
RE5ULT5
Thirty to 45 minutes after application of the more concentrated solution,
biopsies were taken and the skin is shown in figure 1. Most of the material
appears to be on the skin surface although the exact depth of penetration cannot
be determined.
In order to determine the depth of penetration more accurately and get rid
of excess material from the skin surface, biopsies were blotted dry and washed
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FIG. 1. Section of skin taken 45 minutes after the application of the concentrated solu-
tion. X40
FIG. 2. Skin to which radioactive material was applied and 10 minutes later the acid was
removed with ether. X60
FIG. 3. Four hours after the application of the dilute solution, this biopsy was taken.
)< 60
FIG. 4. Two applications of the dilute solution (9:30 and 1:30) were made to the skin
and four hours later the biopsy was taken. X60
FIG. 5. Applications of concentrated solution were made at 9:30, 11:30, and 1:30 and four
hours later the biopsy was taken. X60
FIG. 6. Two applications of the concentrated solution were made on two successive days.
The biopsy was taken four hours later. 1<69
FIG. 7. The biopsy was taken 75 hours after the application was made on the two suc-
cessive days. 1<40
STEARIC ACID PENETRATION, RAT 245
off with ether before or after fixation. Skin after such a procedure is shown in
figure 2. In this instance the radioactive material was applied and 10 minutes
later the biopsy was taken, washed in ether for 20 seconds, then fixed in formalin.
No radioactive material was left.
An application of the more dilute solution was made to the skin in figure 3,
and 4 hours later the biopsy was taken, fixed overnight, washed in ether, frozen
and sectioned. The radioactive material was not evenly distributed in solution
since its effects are found at intervals on the skin surface. From all indications
the epidermis contains some material and apparently a slight amount has
penetrated into the dermis. The sections and the photographs show that penetra-
tion was directly through the epidermis.
The skin shown in figure 4 received two applications of the dilute solution, one
at 9:30 and the other at 1:30. Four hours after the last application the biopsy
was taken. The application of more material has resulted in more in the dermis.
Here again as in figure 3, the material appears to have penetrated directly through
the epidermis.
The two previous experiments indicate that the quantity found in the dermis
depended upon the quantity applied. To confirm this observation, the more
concentrated solution (600 mg. in 0.3 cc.) was applied in several experiments.
Skin shown in figure 5 received applications at 9:30, 11:30, and 1:30. Four
hours later the biopsy was taken. In this instance, much more was applied in the
same interval as in the previous experiment. Skin shown in figure 6 received
applications at 1:00 and 3:30 the first day and 9:30 and 11:30 the second day.
The biopsy was taken 4 hours after the last application. This concentrated ma-
terial affected the skin evenly in contrast to the dilute solution which affected
it at intervals. Great penetration has taken place into the hair fofficle and seba-
ceous glands. The epidermis proper appears to have been penetrated but the
material could have spread from the hair follicles and sebaceous glands. Because
of the density in these cases the dilute concentration provided more convincing
evidence of the penetration of the epidermis directly. The amount in the dermis
therefore seems to depend upon the quantity applied, either by means of the
concentration or number of applications. The depth of penetration is slightly
greater than that seen in figure 4 where fewer applications were made and a more
dilute solution was used. Apparently the dermis acts as a barrier and restricts
the depth of penetration.
What became of the radioactive material which had penetrated the skin was
the next question. Would the material in the epidermis continue to pass into the
dermis or would it be shed with the epithelial cells? Likewise would that in the
dermis diffuse widely, more peripherally or deeper?
To obtain information on these questions, material was applied and then an
interval was allowed to elapse, before the biopsy was taken.
Applications of the more dilute solution were made at 9:30, 12:30, and 3:30.
Such treatment would cause considerable amounts to penetrate into the dermis.
18 hours later a biopsy was taken. When the sections were examined they showed
about the same conditions as shown in figure 4. The epithelium contained a con-
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siderable amount and that in the dermis appeared to be a little more diffusely
and deeply distributed.
When three similar applications were made and a biopsy was taken 45 hours
later, again there was little variation from the conditions in figure 4. The epi-
dermis had thickened from the irritation and the radioactive material appeared
slightly more diffuse throughout the dermis.
A more severe treatment was then given and a longer interval after the ap-
plication was allowed to elapse in some other experiments. The stearic acid
(dilute solution) was applied at 9:30, 11:30 and 3:30 for one day. The next day
applications were made at 9:30 and 12:30. Four hours later biopsies were taken
from 3 different rats under anesthesia. Sections from these biopsies showed nearly
as much material in the dermis as those sections show in figure 5. 75 hours after
the last application another biopsy was taken from the same rats. Figure 7
shows that great shedding of the epithelium is occurring and the shedding cells
are carrying with them the radioactive material. The material in the dermis had
diffused greatly. It was so diffuse that none can be observed in figure 7. After
the shedding of the epithelium had taken place, biopsies were taken (7 days after
the last application). No radioactive material in the epidermis or dermis could
be detected in the autographs.
DISCUSSION
The effect of radioactive material on the emulsion of the N. B. T. plates was
so diffuse that one could not determine whether the material passed through or
between the cells of the epidermis. A better method for this study needs to be
devised.
Much of the radioactive material was retained by the epidermis. It was then
lost as the epithelial cells were shed. Penetration into the dermis was also greatly
restricted at first, indicating that the connective tissue acted as a barrier. There
was no passage into the blood vessels as had been demonstrated for linoleic acid
by fluorescence microscopy, probably because of the difference in the molecule.
The amount in the dermis depended upon the quantity applied either through
the concentration or numerous applications. The effects of the greater concen-
tration might have been due to radioactive iodine yet this is not probable since
there is no evidence that radioiodine is destructive, at least in such a short time.
The linoleic acid in which the radioactive substance was dissolved, was not a
factor in the penetration for there would have been a greater penetration in the
dilute solution.
SUMMARY
lodinated linoleic acid (mono-iodo-stearic acid) was applied to the skin on the
backs of rats. The amount observed in the dermis depended upon the quantity
(either by concentration or numerous applications) applied. Both the epidermis
and the dermis acted as barriers restricting the penetration. When the appli-
cations were stopped, the epithelial cells of the epidermis shed, carrying with
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them the acid. The radioactive material in the dermis diffused deeply and widely
throughout the connective tissue.
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